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The commercially important bituminous coa ls  a r e  composed i n  l a r g e  p a r t  of 
v i t r i n i t i c  substances. This f a c t  coupled with what has been a somewhat vaguely 
defined assoc ia t ion  of these  substances with t h e  coking c h a r a c t e r i s t i c s  of coal 
places a premium value on any s p e c i f i c  information concerning t h e  na tu re  and proper- 
t ies of ' t hese  organic coa l  components. The d a t a  presented and discussed i n  the  
following pages represents  a por t ion  of t h e  r e s u l t s  obtained i n  t h e  course of a 
program of research focused upon these  ma te r i a l s .  

The f i r s t  phase of t he  inves t iga t ion  was i n i t i a t e d  i n  1952 and t h i s  d e a l t  with 
the  problem of developing pe t rographic  desc r ip t ions  of coa l  seams which would serve  
t o  p red ic t  t h e  coking p rope r t i e s  of any given coa l .  Preliminary s t u d i e s  brought 
out the  f a c t  t h a t  coa l  is  made up of a complex of ma te r i a l s  or e n t i t i e s ,  each 
possessing d i f f e r e n t  o p t i c a l  p roper t ies ,  and-presumably possessing d i f f e r i n g  chemi- 
c a l  c h a r a c t e r i s t i c s  and carbonizing p rope r t i e s .  These pre l iminary  s t u d i e s  a l so  
demonstrated t h a t  t h e  desc r ip t ive  s y s t e m s  here tofore  used were inadequate t o  allow 
d i f f e r e n t i a t i o n  of t h e  coa l  macerals t h a t  were important i n  determining reac t ing  

systems, t he  one t h a t  had evolved out  of t h e  work of Stopes (1935) was used t o  
describe a number of coa l  seams occurring i n  a single mining area i n  Kentucky. 

proper t ies .  As a s t a r t i n g  poin t ,  t h e  most' d e t a i l e d  of t h e  e x i s t i n g  d e s c r i p t i v e '  -. . >* 

The coal seams of  t h i s  a r ea  a r e  a l l  of High Vo la t i l e  "A" rank, and were very 
s imi l a r  i n  t h e i r  proximate and u l t imate  analyses,  bu t  g r e a t  d i f f e rences  were noted 
when they w e r e  carbonized t o  produce meta l lurg ica l  coke. This presented t h e  oppor- 
t un i ty  t o  determine whether these  d i f f e rences  i n  coking. a b i l i t y  could be r e l a t ed  t o  
the  petrography of t h e  coa l .  The pe t rographic  eva lua t ions  showed'that t he  seams 
varied i n  e n t i t y  composition. 
varied i n  t h a t  they were d i f f e r e n t i a l l y  banded, t h a t  is, each coa l  seam was made up 
of many l aye r s  of d i f f e r i n g  composition. 
ca l l ed  the  pe t rographic  d iv i s ions  of t h e  coa l  seam. .F igu re  1 presen t s  a t yp ica l  
petrographic ana lys i s .  Note t h a t  within t h i s  seam t h e r e  a r e  22 l aye r s  or petrograph- 
i c  d iv is ions  ea& d i f f e r i n g  i n  composition from t h e  ones immediately adjacent t o  it. 

In addi t ion ,  t h e  inves t iga t ion  revealed t h a t  t h e  seams 

These l aye r s  of d i f f e r i n g  composition were 

From the  pe t rographic  d a t a  amassed on these  seams i t  became apparent t h a t  i f  
s u f f i c i e n t  mater ia l  could be obtained from some of t hese  d i s t i n c t  bands occurring i n  
the  subjec t  coa ls ,  test samples would be ava i l ab le  t h a t  ranged i n  t h e  major component 
composition from 38 % t o  92% v i t r i n i t e ,  1% t o  35% ex in i t e ,  5% t o  40% micr in i t e  and 
from e s s e n t i a l l y  none t o  about 14% f u s i n i t e .  This ma te r i a l  could then be carbonized 
and subjected t o  t h e  tes ts  used to eva lua te  me ta l lu rg ica l  coke i n  o rde r  t o  demonstrate 
t he  e f f e c t  of t he  pe t rographic  Composition of t he  coa ls .  
each of-'l.9 narrow coa l  bands were hand mined from t h r e e  coal- seams. 
was cu t  i n t o  two p a r t s :  one f o r  a pe t rographic  check, and the  o the r  was coked i n  
dupl ica te  i n  a 30 pound t e s t  oven and subjec ted  t o  drop-sha t te r ,  tumbler and micro- 
s t rength  eva lua t ions .  The r e s u l t s  of t h e s e  inves t iga t idns  have a l ready  been repor ted  . 
(Spaclooan, Brisse, Berry, 1957). In b r i e f ,  t he  conclusions were as  follows: 

Severa l  hundred pounds of  
This mater ia l  

1. That i n  genera l  t he  mater ia l  designated f u s i n i t e  was de t r imenta l  t o  coke 
s t rength  i f  p resent  i n  l a rge  p a r t i c l e  s i z e  because it  served as  a locus of 
f r ac tu re  po in t s .  
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2. That t h e  mater ia l  m i c r i n i t e  was bene f i c i a l  t o  coke s t r eng th  up t o  a c e r t a i n  
concentration. This ac t ion  was likened t o  a concrete mixture. Pure cement 
w i l l  not make a s t rong  product (cement = v i t r i n i t e ) ;  when aggregate i s  added 
t o  t h e  cement - water mixture up t o  a Cer ta in  limit, a very s t rong  product 
r e s u l t s  (aggregate = m i c r i n i t e ) .  Therefore the re  is, for concrete,  an op t i -  
m u m  mixture f o r  g r e a t e s t  product s t rength ,  l ikewise  these  t e s t s  ind ica ted  
t h a t  t he re  was a l s o  an optimum maceral r a t i o  f o r  maximum coke s t r eng th .  For 
t h e  coa ls  i n i t i a l l y  s tud ied  t h i s  r a t i o  is on.: t h e  o rde r  of 3 p a r t s  v i t r i n i t e  
t o  one pa r t  mic r in i t e .  

coa l  blends and' when p resen t  i n  concentrations of over lo%, mate r i a l ly  enhanced 
t h e  s t rength  of t h e  coke. 

p rope r t i e s  of t h e  coa ls  t e s t ed .  This is  i n  p a r t  due t o  i t s  g r e a t  predominance 
i n  the  subjec t  coa l s .  No e n t i r e  seam inves t iga ted  contained l e s s  than 50% 
of t h i s  mater ia l  and one had g r e a t e r  than 80% v i t r i n i t e .  
mater ia l  i s  one of  t h e  substances of t h e  coa l  t h a t  produces i t s  f l u i d  charac- 
teristics when heated. Figure 2 presents  t h e  expressed r e l a t ionsh ip  between 
t h e  v i t r i n i t e  content and the  coke s t r eng th  (reproduced from Spackman, Br isse  
and Berry, 1951). Notice t h a t  there is an optimum amount of t h i s  mater ia l  
assoc ia ted  with maximum coke .s t rength  and t h a t  an excess or def ic iency  of t he  
mater ia l  r e s u l t s  i n  a loss of coke s t rength .  

3. That t he  mater ia l  e x i n i t e  cont r ibu ted  t o  t h e  bonding capac i ty  of c e r t a i n  

4. That t he  mater ia l  v i t r i n i t e  is t h e  prime f a c t o r . c o n t r o l l i n g  t h e  carbonizing 

Secondly, t h i s  

With t h i s  co r re l a t ion  i n  hand i t  was decided to  t e s t  f u r t h e r  t h e  v a l i d i t y  of 
t h e  i n f e r r e d  r e l a t ionsh ip  by coking samples on a l a r g e r  s c a l e  (5006 test oven). I f  
t h e  curve w a s  va l id  each samples' v i t r i n i t e  content would cause it t o  f a l l  on the  - 
c o r r e l a t i o n  curve. Figure 3 p resen t s  t h e  r e s u l t s  of these  experiments. Note t h a t  
fou r  of t h e  f i v e  poin ts  f a l l  where expected, but t he  f i f t h ,  a known poor coking coal,  
f e l l  completely off t he  supposed co r re l a t ion  curve. Re-examination of t h i s  f i f t h  
sample brought out a very cur ious  f a c t :  t h e  mater ia l  c lassed  a s  v i t r i n i t e  i n  t h i s  
coa l  contained a va r i e ty  of ma te r i a l s  with d i f f e r i n g  o p t i c a l  p rope r t i e s  but under the  
desc r ip t ive  sys tem used t h e r e  w a s  no choice o the r  than t o  c l a s s i f y  them as  v i t r i n i t e .  
Re-evaluation of t he  o the r  four  seams showed t h a t  t h i s  was t r u e  t o  a much l e s s e r  
degree. Sample 5 was found t o  conta in  between 15% and 20% of ma te r i a l s  t h a t  d i f f e red  
from t h e  t y p i c a l  " v i t r i n i t e "  which predominated i n  t h e  o the r  four samples. For the 
t i m e  being t h e  more abundant mater ia l  was ca l l ed  v i t r i n i t e ,  and when sample 5 was 
re-analyzed counting only t h i s  material , .as "v i t r in i t e " ,  t h e  poin t  moved t o  the  pre- 
d i c t e d  pos i t i on  a s  shown on t h e  o the r  graphs i n  Figure 3. 

I t  would appear then  t h a t  : 
1. The maceral terms as proposed by Stopes do not, i n  f a c t ,  desc r ibe  the  bas ic  

e n t i t i e s  of coal,  r a t h e r  they inc lude  a group of g e n e t i c a l l y  r e l a t e d  mater ia l s  
t h a t  i n  a c t u a l i t y  d i f f e r  i n  op t i ca l ,  phys ica l  and chemical p rope r t i e s .  

2. Recognizing t h e  v a r i a b i l i t y  within any one of Stopes'  "macerals" it was 
suggested t h a t  t hese  terms be e leva ted  t o  a maceral group s t a t u s  because 
t h e r e  was a va lue  i n  r e t a in ing  . the gene t i c  aspec ts  of t h e  c l a s s i f i c a t i o n .  
Th i s  would allow the  desc r ip t ion  of t h e  e n t i t i e s  occur r ing  i n  t h e  group 
and t h e i r  des igna t ion  a s  macerals (see Spaclanan, 1958). 

3. To f a c i l i t a t e  t h i s  t h e  following changes a re  suggested: Stopes'  terms have 
achieved world wide recogni t ion  i n  descr ib ing  coal ma te r i a l s  so i n  order t o  
avoid confusion, i t  is suggested t h a t  these  desc r ip t ive  names be re ta ined  
but t h e  s u f f i x  changed t o  "oid" t o  des igna te  t h a t  t h e s e  represent  a group 
of mater ia l s ,  and, t h a t  as  t he  macerals a r e  described, they be named appropri- 
a t e l y  and u s e  t h e  ending " in i te" .  

For present  purposes the  macerals comprising any one group are designated by 
type  number u n t i l  more complete d a t a  has  been amassed. 
f i c a t i o n  as it i s  p resen t ly  used. 

Table 1 presen t s  t he  c l a s s l -  



Table 1 
Maceral Groups Vi t r ino ids  Micrinoids Fusinoids Resinoids Exinoids 

I -- I I I I 

m o m  m m  
Y Y  Y Y  Y Y Y  ~ u n -  

Y Y cln u n  
+4 H Y  Y n 

l Y  

o m  o m 0  
2 3  $2  ? l Y C 3 ? l l ? l  

m m m m m m m o m  

n u <  u n u X  

2 2 3 s 2 2 2 3 2  
+ + ~ ~ c e e e e w  

Y 

- U t i l i z i n g  t h i s  c l a s s i f i c a t i o n  system, the  next phase of research  opened with the  
sampling of coa ls  of a l l  ranks from widely separa ted  geographical areas.  Coals were 
co l lec ted  from Utah, I l l i n o i s ,  Pennsylvania, Ohio, West Virginia,  Kentucky and Alabama. 
A l l  of these  coa ls  were examined using normal pe t rographic  methods and t h e i r  e n t i t i e s  
clas-sified on the  bas i s  of t h e i r  o p t i c a l  p rope r t i e s .  This completed, t h e  next s t ep  
was t o  be s u r e  t h a t  t he  e n t i t i e s  c l a s s i f i e d  by o p t i c a l  means w e r e  indeed d i f f e r e n t  i n  
t h e i r  r eac t ive  p rope r t i e s .  

To f a c i l i t a t e  t h i s ,  and s ince  t h e  primary i n t e r e s t  a t  t he  time was t h e  a b i l i t y  
t o  p red ic t  any c o a l ' s  coking po ten t i a l ,  a research  instrument was assembled t o  evalu- 
a t e  the thermal p rope r t i e s  of t h e  e n t i t i e s .  
microscope and a temperature cont ro l  un i t  comprise the  b a s i c  components of t h e  assembiy. 
This apparatus i s  shown i n  Figure 4. 
of heat,  t o  any temperature between 0 and 1000° Centigrade. 
sample can be viewed i n  t ransmi t ted  or r e f l e c t e d  l i g h t  while being brought through i t s  
heating cycle.  A n i t rogen  atmosphere is maintained i n  the  furnace t o  s top  oxidation 
of the subjec t  ma te r i a l .  A l l  r eac t ions  can be biewed as  they occur, and t o , f a c i l i t a t e  
t he  recording of the  d a t a  a t i m e  lapse-.motion p i c t u r e  camera i s  included in the  system. 
This allows the  recording by co lor  motion p i c t u r e s  of t h e  r eac t ions  of t he  various e n t i t i e s  
as  they take place.  Figure 5 presents  a p i c tu re  of t he  con t ro l  pane l  assoc ia ted  with 
t h i s  hea t ing  s tage  microscope. 
allows the  se l ec t ion  of any r a t e  of heat from 3O t o  15°C./minute, by s e t t i n g  t h e  des i red  
r a t e  on the upper l e f t  t i m e r  cont ro l .  I f  a per iod  of soaking at any.temperature between 
looo and 900°C. i s  des i red ,  t h e  con t ro l l e r  can be s e t  t o  cu t  out at  t h a t  temperature, 
t h e  soak timer ( d i r e c t l y  below the  aforementioned r a t e  c o n t r o l l e r )  can be s e t  t o  any 
period of t i m e  and w i l l  cause the  main c o n t r o l l e r  t o  maintain t h e  des i red  temperature. 
A t  the  c lose  of t he  soaking period the  t i m e r  w i l l  throw t h e  con t ro l  t o  t h e  r i g h t  hand 
r a t e  con t ro l l e r  which w i l l  p i ck  up the  o r i g i n a l  r a t e  of hea t  or any o the r  des i red  r a t e .  
The camera cont ro l  ( l e f t  lower cen te r )  allows camera,speeds of 1 frame every 5 seconds 
t o  8 frames per second. A secondary p iece  of equipment allows camera speeds up t o  
32 frames per second. 
microcinephotography. The sequence on the  l e f t  shows a mass of  ex inoid  mater ia l  j u s t  
at  i t s  melting poin t ,  t h e  next frame shows i t  i n  a p a r t i a l l y  f l u i d  s t a t e ,  t h e  t h i r d  
i n  a t o t a l l y  f l u i d  s t a t e  and t h e  four th  shows i t s  residue. The sequence on the  r i g h t  
shows t h e  melting and v o l a t i l i z a t i o n  of one of t h e  r e s ino ids .  Note t h a t  i t  i s  almost 
completely vola t J l ized  i n  t h e  l a s t  frame. Af te r  preliminary inves t iga t ions  on seve ra l  
of the  important coal macerals t o  a sce r t a in  t h a t  they were d i f f e r e n t  i n  t h e i r  r eac t ing  
proper t ies ,  i t  was decided t o  work f i r s t  with t h e  group of ma te r i a l s  occurring most 
abundantly i n  the  coa l .  These were the  v i t r i n o i d s .  The s u i t e  of coa ls  were thoroughly 
s tudied  microscopically and t h e  nine most prominent v i t r i n o i d s  were i s o l a t e d  f o r  
d e t a i l e d  property ana lys i s .  

A Le i t z  1000° hea t ing  s tage ,  a research 

This hea t ing  s t age  can be brought, a t  any rate 
I t  i s  so b u i l t  t h a t  a 

The incorpora t ion  of a program c o n t r o l l e r  i n  t h e  system 

Figure 6 i l l u s t r a t e s  t h e  type d a t a  t h a t  can be obtained by 

The f i r s t  series of tes ts  involved the  hea t ing  of s p e c i f i c ' v i t r i n o i d  types a t  a 
hea t ing  r a t e  of 3OC/min. which i s  roughly equiva len t  t o  t h e  r a t e  of  hea t  used i n  a 
commercial coke oven. Figure 7 presents  t h e  r e s u l t s  of t h i s  study. A l l  of t he  d a t a  
presented a re  based on at l e a s t  f i v e  runs i n  which reproducib le  r e s u l t s  were obta ined ,  
Note t h a t  the  e n t i t i e s  s tud ied  can be grouped i n t o  t h r e e  ca t egor i e s :  
Semi-plastic, and P l a s t i c  types .  "pe non-plastic v i t r i n o i d s ,  Types I and 11, a r e  
predominant i n  occurrence i n  High Vo la t i l e  C and B coa l s  and f o r  a l l  i n t e n t s  and 
purposes a r e  i n e r t  a t  t h i s  r a t e -o f  hea t .  The semi-p las t ic  v i t r i n o i d ,  Type I X ,  i s  
common i n  occurrence i n  t h e  l o w  v o l a t i l e  coa ls  but i n  genera l  i t s  percent  occurrence 

Non-Plastic, 

R 
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i s  low. The p l a s t i c  m a t e r i a l s  Types 111, IV,  V, V I ,  V I I ,  and V I 1 1  a r e  found i n  
varying amounts throughout t h e  bituminous coa l  range. Based on t h e  coa ls  s tud ied  t o  
date,  it appears t h a t  these n i n e  v i t r i n o i d  types appear i n  the range of bituminous 
coa l s  as shown i n  Table 2. 

Table 2 

Influence of Vi t r ino id  Type on Rank Designation of Bright Coals 

Vi t r ino id  Composition of Typical Bituminous Coals Resultant Rank 
Predominant Type Major Types Minor Types Designation 

I I1 I11 and I V  High Vo la t i l e  C 

I1 I and 111 IVY V and V I  High Vo la t i l e  B 

I V  111 and V 11, V I  and V I 1  High Vo la t i l e  A 

V I  I I V  and V I 1 1  111, I V ,  V, I X  Medium Vola t i l e  

V I 1 1  V I  and V I 1  V and I X  L o w  Vo la t i l e  

Although a l l  of t h e  v i t r i n o i d  types described i n  Figure 7 exh ib i t  some d i f f e rence  
i n  t h e  manner i n  which they  respond t o  t h i s  hea t ing  program, s i m i l a r i t i e s  a re  evident 
i n  t h e  case  of t h e  p l a s t i c  v a r i e t i e s .  An attempt has  been made t o  emphasize t h i s  
f a c t  by separa t ing  obviously d i s s i m i l a r  mater ia l s  with ho r i zon ta l  l i n e s .  

Figure 8 presents  d a t a  on  an i d e n t i c a l  study using a h e a t i n g . r a t e  of 12OC per  

One of t he  most s t r i k i n g  d i f fe rences  apparent i s  
'minute, t h e  ob jec t  being to..determine t h e  manner i n  which each v i t r i n o i d  r eac t s  
under another set of condi t ions .  
t h a t  t he re  a r e  no longer v i t r i n o i d s  which f a i l  t o  show f l u i d i t y  when t h i s  acce lera ted  
hea t ing  r a t e - i s  used. 
enhanced i n  every case, a l so  t h a t  t h e  p a r a l l e l  l i n e s  de l inea t ing  v i t r i n o i d s  of s imi l a r  
p rope r t i e s  have shifted-.  

Notice t h a t  the capac i ty  t o  fuse  with s imi l a r  p a r t i c l e s  i s  

From these  s t u d i e s  involv ing  only a change i n  r a t e  of heat, two major conclusions 
can be drawn: 1. tha t  t h e  o p t i c a l l y  d i s t i n c t  v i t r i n o i d  types do possess d i f f e r i n g  
thermal p rope r t i e s  and can be expected t o  r e a c t  d i f f e r e n t l y  i n  c e r t a i n  indus t r i a l .  
p rocesses ;  2. t h a t  an inc rease  i n  hea t ing  r a t i o  e l i c i t s  a va r i e ty  of r eac t ions  from 
the  v i t r i n o i d s  - inves t iga ted .  

The next s e r i e s  of tests on these  v i t r i n o i d s  were designed t o  record the d i f f e r -  
ences, i f  any, i n  the  r e a c t i o n s  exhib i ted  when t h e  e n t i t i e s  were sub jec t ea  to sho,ck. 
hea t ing  a t  600 and 800OC. 

Figure 9 i l l u s t r a t e s  t h e  extremes i n  the  recorded reac t ions  of thi.q studK. In. 
t hese  tests a chip of pure v i t r i n o i d  mater ia l  was photographed before  
exposure t o  shock hea t ing  i n  a top  and s i d e  view. 
t r a t e  two v i t r i n o i d s  which exhib i ted  extremes i n  behavior. 
a c t u a l l y  v o l a t i l i z e s  with such explosiveness t h a t  a loss  i n  volume over, t h a t  of the' 
o r i g i n a l  material r e s u l t s .  
t o  s eve ra l  times the  s i z e  of t h e  o r i g i n a l  mater ia l .  
t h e  r e s u l t s  obtained i n  these  t e s t s .  
shows l i t t l e  change i n  mass; however when shock heated a t  800°C., a, large: portion of 
t h e  mater ia l  v o l a t i l i z e s  leav ing  a mass smaller i n  s i z e  than t h a t  of- the: o r i g i n a l  
mater ig l .  Type I11 shows an inc rease  i n  mass a t  600° and an even. g;reater expansion 
a t  800 . Type I V  dispAays a s t rong  inc rease  i n  mass a t  600' shock but when exposed 
t o  temperatures of 800 t h e  ma te r i a l  expands s t rong ly  but has a period of cont rac t ion  
be fo re  s o l i d i f i c a t i o n .  This i s  a l so  t r u e  of T es V I 1  and V I I I .  Type V I 1  shows a 
massive increase i n  Volume when shocked a t  600 , t h i s  is  e s p e c i a l l y  i n t e r e s t i n g  because 

The tests shown in,  Figure- 9. illus- 
One of th.em,. Typ,e 11, 

The o the r  mater ia l ,  Type V I I ,  shows a strong. s,yel.l,ing 
Figure 10 i l l u s t r a t e s  some of 

Note t h a t  Type 11, when shockheated  a t  600OC.- 

P 
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coals  t h a t  are assoc ia ted  with oven p res su re  problems i n  t h e  me ta l lu rg ica l  coke indus t ry  
a r e  gene ra l ly  r i c h  i n  t h i s  v i t r i n o i d  type.  
less expansion, perhaps ind ica t ing  t h a t  when dea l ing  with a s t rong ly  Swelling Coal a 
f a s t e r  rate of hea t  w i l l  l e ssen  the  p o t e n t i a l  p ressure  dangers.  
a behavior p a t t e r n  s i m i l a r  t o  Type V I I ,  however, t h i s  ma te r i a l  s w e l l s  t o  a much 
lesser degree. 

When shocked a t  800° Type VI1 displayed 

Type V I 1 1  e x h i b i t s  

Conclusions t o  be drawn from t h i s  tes t  series are,  again, t h a t  t h e  subjec t  
v i t r i n o i d  types  vary i n  t h e i r  r eac t ions  and t h a t  f o r  c e r t a i n  app l i ca t ions  the  des i r ed  
r eac t ion  can be enhanced by a g r e a t e r  rate of hea t .  

The curve previous ly  presented a s  Figure 2 which r e l a t e d  one of t h e  v i t r i n o i d s  
t o  coke s t r eng th  showed t h a t  t he  presence of  t o o  much o r  too  l i t t l e  of t h i s  ma te r i a l  
would cause a l o s s  i n  s t r eng th .  
and t h e  micrinoids of approximately 3 t o  1 produced t h e  s t r o n g e s t  coke. The ques t ion  
then a rose  as t o  what amount of mater ia l  each of t h e  v i t r i n o i d  types  could a s s imi l a t e  
i n t o  a coke mass, and what t h e  a f f e c t  of such an a s s imi l a t ion  would be on the  s t r e n g t h  
of t he  r e s u l t a n t  coke. 

I t  was a l s o  noted t h a t  a r a t i o  between t h i s  v i t r i n o i d  

A series of small  tests were performed using pure v i t r i n o i d  types and varying 
amounts of an inorganic  i n e r t  mater ia l .  
out,  with microscopic con t ro l ,  t o  allow t h e  running of dup l i ca t e  t e s t s  on each of 
t h e  v i t r i n o i d  types  using t h e  following propor t ions  (Table 3). 

Enough of t hese  pure subs tances  were picked 

Table 3 

Composition of T e s t  Blends 

Percent Pure Vi t r ino id  Type 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 

Percent Inorganic I n e r t  
0 
1 0  
20 
30 
40 
50 
60 
70 
80 
90 

The i n e r t  substance used was hydrated alumina and t h e  tests cons is ted  of coking 
t h e  pure and d i l u t e d  v i t r i n o i d  types in s m a l l  c ruc ib les ,  i n  an e l e c t r i c  muffle furnace.  
The eva lua t ion  f o r  s t r eng th  w a s  done on a microhardness tester. 

The experimental r e s u l t s  on the  tests performed on v i t r i n o i d  Type I1 a re  presented  
Figure 11 c o n s i s t s  of photographs of t h e  a c t u a l  coke but tons  i n  Figures 11, 12 and 13. 

produced i n  the s tudy  and t h e  unassimilated i n e r t  ma te r i a l .  
w a s  coked, violeIkteruptions of f l u i d  coa l  took  p l ace  and i n  seve ra l  cases the  material 
produced minor explosions.  This  continued u n t i l  30% i n e r t  ma te r i a l  was mixed i n  ( r e f e r  
t o  photographs). 
added t h a t  any unagglomerated res idue  appears. Notice a l s o  t h a t  t h e  apparent s t a b i l i t y  
of t h e  coke mass improves u n t i l  t h e  amount of i n e r t s  added becomes too  g rea t  t o  be  
assimilated.  Figure 12 p resen t s  c ross  sec t ions  of t h e  coke but tons  showing t h e  appar- 
e n t  e f f e c t  on the  coke s t r u c t u r e  of i n e r t  addi t ion .  Notice t h e  e f f e c t  of t he  v i o l e n t  
r eac t ion  of t h i s  pure v i t r i n o i d  on its i n t e r n a l  s t r u c t u r e  and how t h e  s t r u c t u r e  stab- 
i l i z e s  with t h e  add i t ion  of i n e r t  mater ia l .  With 80% of i n e r t  material i n  the  mix 
a stable-appearing s t r u c t u r e  is s t i l l  i n  evidence. Figure 13  p resen t s  d a t a  on t h e  
y i e ld  of coke of a p a r t i c u l a r  s t r eng th .  

When t h e  pu re  v i t r i n o i d  

Note a l s o  t h a t  it is not u n t i l  a f t e r  40% of i n e r t  mater ia l  has  been 

N o t i c e  t h a t  not u n t i l  g r e a t e r  than 40% i n e r t  
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ma te r i a l  has been added does the s t r eng th  drop below t h a t  of t h e  pure maceral, i n  f a c t  
a t  40% d i l u t i o n  a s l i g h t  rise i n  s t r eng th  i s  noted. 

The test  r e su l t s  of v i t r i n o i d  Type I11 are  presented i n  Figures 14, 15 and 16. 
The coke but tons  shown i n  Figure 14 show t h a t  t h i s  ma te r i a l  can a s s imi l a t e  up t o  
40% of i n e r t s  without loss of t h e  s t a b i l i z i n g  e f f e c t .  In Figure 15 the  but ton  cross- 
s ec t ions  show t h i s  s t a b i l i z i n g  e f f e c t  t o  a much g r e a t e r  degree than i n  the  case of 
t h e  r e s u l t s  obtained by blending Type I1 mater ia l  and Figure 16  presents  a s e t  of 
d a t a  which con t r a s t  markedly t o  those  presented i n  Figure 13. Note tha t  g rea t e r  
than 50% i n e r t s  were added before  t h e  coke s t r eng th  dropped below t h a t  of t he  pure 
Type I11 mater ia l  and a l s o  t h a t  t he re  i s  an impressive ga in  i n  s t rength  a t  t he  30% 
d i l u t i o n  l e v e l .  

Figures 17, 18 and 19 represent  t h e  accumulated d a t a  on Type IV. Figure 17 again 
p o i n t s  out t h e  s t a b i l i z i n g  e f f e c t  of t h e  addi t ion  of i n e r t  mater ia l .  Note here  t h a t  
t h e  50% d i l u t i o n  l eve l  has  been reached before any unbonded i n e r t  mater ia l  becomes 
ev ident .  Figure 18 s u b s t a n t i a t e s  t h e  po in t s  brought out by the  previous f igu re  and 
i l l u s t r a t e s  th?  fact  t h a t  t h i s  i n e r t  add i t ive  tends t o  s top  the  f i s s u r i n g  apparent 
i n  t h e  blends high i n  Type IV. Figure 19 presents  t he  s t rength-y ie ld  curve f o r  t h i s  
type.  Note t h a t  the i n e r t  d i l u t i o n  approaches 60% before  t h e  s t rength  drops below 
t h a t  of t h e  pure maceraI and t h e r e  is  a s i zeab le  s t r eng th  increase  over a r a the r  
l a r g e  range exhib i ted  by t h i s  maceral. 

The t e s t i n g  of Type VI1 brought out s eve ra l  i n t e r e s t i n g  po in t s  on t he  expansion 
p rope r t i e s .  This i s  e s p e c i a l l y  informative because, as  was mentioned before,  coals 

' t h a t  p resent  problems to the  coke oven opera tor  i n  t h e  form of s t i ck ing  charges and 
unsafe pressure  on t h e  oven w a l l s  o f t e n  conta in  l a r g e  por t ions  of v i t r i n o i d  Type  VI1 
i n  t h e i r  composition. Figure 20, t he  coke button photographs, i l l u s t r a t e  t h i s  swell- 
ing  property.  Note t h a t  i n  t h e  p i c t u r e  of t he  pure maceral t h e  button i s  t h e  l a rges t  
and as t h e  i n e r t  percentage becomes g r e a t e r  t h e  button s i z e  decreases and genera l ly  
s t a b i l i z e s  i n  s i z e  a t  about 50% d i l u t i o n .  
of  incorpora t ing  g r e a t e r  than 50% i n e r t  mater ia l  i n t o  t h e  mass is also evident .  
Figure 21 makes evident one of t h e  f a c t o r s  respons ib le  f o r  t h i s  swelling proper ty .  
Note t h a t  i n  the  button c ross -sec t ion  of t he  100% Type VI1 t h e r e  i s  a very l a rge  
cen te r  vacuole. This vacuole was made by entrapped gases i n  t h e  cen te r  of the  button 
which were apparently unable t o  force  t h e i r  way through the  viscous surrounding 
ma te r i a l .  These gases then  caused t h e  mass t o  s w e l l  and with no e x i t  rou te  the  
gases  i n  the  vacuole were trapped. 
becomes g rea t e r ,  the swelling and t h e  vacuole s i z e  diminishes.  This tends t o  show 
t h a t  i n e r t  addi t ion  e i t h e r  allows t h e  gases t o  e x i t - :  through t h e  viscous mass or 
t h e  v i s c o s i t y  of the f l u i d  v i t r i n o i d  Type VI1 has  been lowered t o  allow normal 
bubbling of f  of the gases.  Figure 22 again shows a d i s t i n c t i v e  d i l u t i o n  s t r e n g t b  
y i e ld  i n  which over 50% d i l u t i o n  i s  necessary before t h e  s t rength  is. increased 
approximately 20% over t h a t  o f  t h e  pure maceral. Note t h e  wide range of s t r eng th  
bene f i c i  a t  ion .  

The f a c t  t h a t  t h i s  mater ia l  has the  a b i l i t y  

Notice thfrt as  t he  percentage of i n e r t  substances 

Vi t r ino id  Type VI11 d i f f e r s  from a l l  o the r  v i t r i n o i d  types.  Note the  f ro th iness  
of  t h e  but tons  (Figure 23) and t h e  p ro jec t ions  on t h e  button tops .  The f ro th iness  
i s  apparent ly  due t o  f a s t  coking i n  which the  gases of t he  mass were trapped i n  the  
cell  s t r u c t u r e .  The top  p ro jec t ions  ind ica t e  t h a t  t h e  ou te r  button wall  was coked 
and s o l i d i f i e d  quickly fo rc ing  the  inner f l u i d  mater ia l  t o  e rupt  through the  top 
of  t h e  button. Greater than 50% of i n e r t  mater ia l  can be incorporated i n t o  the  mass 
and s t r u c t u r e  s t a b i l i z a t i o n  i s  brought about by t h e  addi t ion  of i n e r t  ma te r i a l .  The 

inc reases  swelling and c e n t r a l  vacuole development. In e f f e c t  i n e r t  d i l u t i o n  causes 
the  mass t o  become more v iscous  thus  present ing  a b a r r i e r  t o  escaping gases.  Figure 
25 i l l u s t r a t e s  t he  s t r eng th -y ie ld  c h a r a c t e r i s t i c s  of  v i t r i n o i d  Type VIII. 

. but ton  cross-sections (Figure 24) show t h a t  d i l u t i o n  with i n e r t  mater ia l  i n i t i a l l y  

f 
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The tests dea l ing  with t h e  ass imi la t ion  c a p a c i t i e s  of  these macerals of c o a l  led 

t o  many important conclusions.  The f i r s t  and most obvious i s  t h a t  each e n t i t y  t e s t e d  
d isp lays  a d i f f e r i n g  behavior pa t te rn .  Figure 26 compares t h e  two type extremes 
showing t h e i r  apparent a s s i m i l a t i o n  p o t e n t i a l s .  Figure 27 compares f i v e  types of  
_vi t r ino id  by i . l i u s t r a t i n g  t h e  but ton produced by t h e  pure v i t r i n o i d  types and t h e  
blend of that  type with i n e r t  material t h a t  produced the  h ighes t  s t rength .  In  Figure 
28, coke but ton cross-sect ions-show t h e  s t r u c t u r e  and vacuole development of the  
pure mater ia ls ,  and i n  t h i s  f i g u r e  t h e  blends y i e l d i n g  t h e  h ighes t  s t rength  coke 
and the  maximum vacuole development are a l s o  depic ted .  

This research has  produced d a t a  t h a t  shows graphica l ly  t h a t  t h e s e  mater ia l s  
The d a t a  presented d i f f e r  i n  at  l e a s t  o p t i c a l ,  phys ica l  and thermal p r o p e r t i e s .  

h e r e  has  a l l  been s l a n t e d  toward e s t a b l i s h i n g  t h e  b a s i s  f o r  eva lua t ing  bituminous 
coal f o r  u'se i n  meta l lurg ica l  coke production. However, t h i s  i s  n o t  t h e  only applica- 
t i o n  t h a t  w i l l  come from t h i s  type of  study. Work is  nearing completion on the  e f f e c t  
o f  the  v i t r i n o i d s  on one another. I t  i s  important t o  know the a f f e c t s  of one e n t i t y  
on the  o t h e r  because a coal seam genera l ly  has  one predominant v i t r i n o i d  type and 
two or t h r e e  o t h e r s  t h a t  occur i n  q u a n t i t i e s  l a r g e  enough t o  e f f e c t  t h e  commercial 
products. Once t h e  c r i t i c a l  d a t a  are obtained i t  should be p o s s i b l e  t o  descr ibe  the 
combustion, carbonizat ion,  and hydrogenation p o t e n t i a l  o f  a coa l  seam from small 
samples such a s  those obtained i n  exploratory d r i l l i n g  operations.. In  addi t ion,  
such information should provide t h e  b a s i s  f o r  prescr ib ing  more e f . f ic ien t  prepara t ion  
and blending operat ions.  Through these  avenues a cont r ibu t ion  should be made t o  
increas ing  the  e f f i c i e n c y  and ef fec t iveness  with which coal  i s  u t i l i z e d .  
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Figure 3 

Figure 4 
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EFFECT OF INERT MATERIAL ON COKE PRODUCED FROM VlTRlNOlD TYPE VI11 
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